Abstract. Recent studies have demonstrated that microRNAs (miRNAs/miRs) are involved in osteosarcoma tumorigenesis, progression, invasion and metastasis. For example, miR-505 plays important roles in human carcinogenesis; however, its exact function in osteosarcoma remains unclear. MicroRNA profiles of osteosarcoma and normal tissues were obtained by miRNA microarray assays, which were validated by quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR). Then, high-mobility group box 1 (HMGB1) expression was evaluated by qRT-PCR and western blot analysis. The correlation between miR-505 and HMGB1 was analyzed by Pearson correlation. In vitro, the biological functions of miR-505 were examined by wound healing, MTT and Transwell assays and western blot analysis in MG63 cells transfected with miRNA mimics or empty vector. Luciferase assay was utilized to assess whether HMGB1 is a target of miR-505. miRNA microarrays revealed 26 aberrant miRNAs in osteosarcoma tissues; miR-505 showed the most pronounced decrease (P<0.01), which was significantly associated with TNM stage and metastasis status (P<0.05). In addition, HMGB1 was highly expressed in osteosarcoma tissues (P<0.01), with a significantly negative correlation with miR-505 (r=-0.6679, P<0.001). Furthermore, miR-505 inhibited proliferation, migration and invasion abilities of MG63 cells (P<0.01). Moreover, luciferase activity of the HMGB1-3'-UTR plasmid was suppressed following miR-505 binding (P<0.01). Finally, HMGB1 overexpression partly reversed the effects of miR-505 on MG63 cells. In conclusion, miR-505 levels are decreased in osteosarcoma tissues, and reduced miR-505 expression is significantly associated with poorer clinical prognosis in patients with osteosarcomas. miR-505 inhibits osteosarcoma cell proliferation, migration and invasion by regulating HMGB1.
Introduction
Primary bone cancers are extremely rare neoplasms, accounting for less than 0.2% of all cancers. In 2015, 2,970 patients were newly diagnosed with bone and joint cancer in the United States, with 1,490 deaths from the disease (1) . Osteosarcoma is the most common primary malignant bone tumor in children and young adults. The median age of patients with osteosarcoma is 20 years (2) . Patients always seek medical attention following symptoms of pain and swelling. Unfortunately, approximately 10-20% of cases present with metastatic disease at diagnosis (3) . What is more, ~30% of patients with localized disease and 80% of those presenting with metastatic disease will experience relapse (4) . Thus, it is critical to develop new strategies to treat recurrent and/or metastatic osteosarcomas.
Recently, several studies have focused on the impact of microRNAs (miRNAs/miRs) on tumor initiation and progression. miRNAs are short non-coding RNAs that regulate the expression of target mRNAs by binding to their 3' untranslated regions (UTRs), causing degradation or translation inhibition (5, 6) . Indeed, specific miRNAs contribute to tumor growth, progression, metastasis and drug resistance in osteosarcoma (7) (8) (9) (10) . For example, miR-505 was reported to be involved in many cancer types (11) (12) (13) ; however, its exact role in osteosarcoma remains unknown. The present study, therefore, aimed to assess the role of miR-505 in osteosarcoma, exploring its biological functions in osteosarcoma cells.
Direct targets of miR-505 were searched for at microRNA. org and using Diana Tools, and high miTG (0.982) and mirSVR (-2.98) scores were found for high mobility group box 1 (HMGB1). HMGB1 is a transcription factor that outside the cell acts as a potent pro-inflammatory cytokine in the immune response (14) . It was also found in culture supernatants of numerous osteoblast preparations as well as isolated osteoclast precursors and osteoclasts (15) . HMGB1 expression is associated with cancer development by interfering with several signaling pathways (16) . Thus, we hypothesized HMGB1 to be a candidate target of miR-505, and assessed whether this miR could modulate HMGB1 expression in osteosarcoma cells.
In the present study, miRNA expression profiles in osteosarcoma and adjacent normal tissue specimens were compared, and a subset of deregulated miRNAs were identified. Specifically, miR-505 was revealed as a candidate oncogenic miRNA in osteosarcoma, showing a significant decrease. Further experiments demonstrated that the reduced miR-505 level is associated with poorer clinical prognosis in patients with osteosarcomas. In addition, miR-505 overexpression resulted in reduced cell growth, migration and invasion. More importantly, HMGB1 was confirmed as a direct target gene for miR-505 in osteosarcoma.
Materials and methods
Patients and tissue specimens. A total of 37 freshly frozen osteosarcoma tumor and adjacent normal tissue specimens were obtained by resection or biopsy from 2013 to 2014 at the Department of Orthopedics, Qilu Hospital of Shandong University. None of the patients had received any treatment prior to surgery. All specimens were snap-frozen in liquid nitrogen within 2 h and stored at -80˚C for further analysis. Inclusion criteria were: diagnosis as osteosarcoma confirmed by light microscopy and immunohistochemistry; complete clinical and pathological data available. Exclusion criteria were: family history of cancer; other chronic system disease; unwillingness to participate in the present study. Written informed consent was provided by all patients. The study was approved by the Ethics Committee of Qilu Hospital of Shandong University.
MicroRNA microarray and RT-PCR.
A total of 5 paired tumor and adjacent normal tissue specimens were randomly selected. Total RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and miRNeasy Mini kit (Qiagen, Valencia, CA, USA) according to the manufacturer's instructions. Samples with RNA integrity number (RIN) >8 were processed for hybridization. Total RNA was labeled using the miRCURY™ Array Power labeling kit (Exiqon, Copenhagen, Denmark) and hybridized to the miRNA microarray using miRCURY™ LNA Array (Exiqon). Scanned images were then imported into the GeenPix 4000B software (Axon Instruments, Sunnyvale, CA, USA). The SpotData Pro software was used for data analysis. Hierarchical clustering was performed using Data Matching Software.
Quantitative real-time polymerase chain reaction (qRT-PCR) was used to validate microarray data. First strand cDNA was synthesized using TaqMan MicroRNA Reverse Transcription kit with the stem-loop RT primer. Amplification was performed using Power SYBR-Green PCR Master Mix in triplicate, on Roche LightCycler 480 Real-Time PCR System with the following conditions: 2 min of initial denaturation at 95˚C, and 40 cycles at 94˚C (15 sec), 60˚C (60 sec) and 72˚C (30 sec). Relative miRNA and mRNA expression levels were determined using the 2 -ΔΔCt method and normalized to U6. To assess HMGB1 mRNA levels, qRT-PCR was performed with SYBR-Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions; GAPDH was used as an endogenous control. The primers used for qRT-PCR are shown in Cell migration assay. MG63 cells were transfected with miR-505 mimics or miR-NC as well as pcDNA3.1/HMGB1 or pcDNA3.1/CAT, following the manufacturer's instructions. After transfection, a sterile pipette tip was used to scratch the cell layer at ~90% confluency. After washing with PBS three times, the cells were further incubated at 37˚C for 24 h. Micrographs were acquired on an inverted microscope at 0 and 24 h, respectively, after wounding.
Invasion assay. Transfected cells were seeded onto Transwell 24-well plates coated with diluted Matrigel, with serum-free media containing 5% FBS used as a chemoattractant. After 24 h of incubation, the medium was removed, and chambers were washed twice with PBS. The cells on the upper side of the inserts were softly scraped; those migrated to the lower surface were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet. Microphotographs were obtained on an immunofluorescence microscope (Olympus BX53; Olympus, Tokyo, Japan) at x200 magnification. 
Results

miR-505 is specifically downregulated in osteosarcoma tissues.
To obtain microRNA expression patterns, 5 paired osteosarcoma tissue samples were randomly selected, and their miRNA expression profiles were determined by microRNA microarray. Notably, among the unique 2,150 human miRNA probes, 26 were differentially expressed between the osteosarcoma and adjacent normal tissues; among these, 12 were markedly upregulated and 14 downregulated ( Fig. 1 and Table Ⅱ) . miR-505 showed the most pronounced decrease.
To confirm the microarray findings, 4 significantly altered miRNAs (the most significantly dysregulated miRNAs), including miR-210, miR-135b, miR-505 and miR-16, were assessed by quantitative real-time reverse transcription-PCR (qRT-PCR). Their expression levels were evaluated in 37 paired tissue samples. As shown in Fig. 2 , after normalization to U6, the expression trends of the 4 miRNAs were consistent with the microarray findings. However, the fold changes of expression differed somewhat between both assays.
Associations of miR-505 expression with clinicopathological features in osteosarcoma.
To assess the clinical value of miR-505 in osteosarcoma, clinical characteristics of the enrolled patients were collected by an Orthopedist. Then, patients were divided into groups according to various clinicopathological features (Table Ⅲ) . miR-505 expression was used to divide the patients into two groups according to its median value of 1.85. Notably, significant associations of miR-505 expression with TNM stage and metastasis were obtained (P= 0.005 and 0.036, respectively). However, no significant associations of miR-505 expression with age, sex, histologic type, tumor size and nuclear grade were observed. These findings suggested that decreased miR-505 expression was significantly associated with poorer clinical prognosis in patients with osteosarcoma.
HMGB1 is highly expressed in osteosarcoma tissues.
The important role of miR-505 in osteosarcoma prompted us to explore the probable molecular mechanisms. As miRNAs always perform their functions by binding the 3'UTRs of target mRNAs, several target prediction software programs, including TargetScan, miRDB and miRBase, were used to identify direct targets of miR-505. HMGB1 was revealed as a candidate, and has been reported to be overexpressed in several cancers and involved in autophagy. Therefore, HMGB1 mRNA levels were assessed in osteosarcoma samples. As expected, HMGB1 mRNA expression was significantly increased in osteosarcoma tissues compared with that in the corresponding normal tissues, as shown in Fig. 3A . What is more, HMGB1 gene expression was negatively correlated with miR-505 levels in the osteosarcoma samples, as analyzed by Pearson correlation (r=-0.6679, P<0.001) (Fig. 3B) . In addition, the HMGB1 protein was also highly expressed in osteosarcoma tissues compared with that in the adjacent non-cancerous tissues (Fig. 3C and D) .
miR-505 suppresses the growth, migration and invasion of osteosarcoma cells.
The biological functions of miR-505 in osteosarcoma cells were further assessed in vitro. As shown in Fig. 4A , qRT-PCR indicated significantly lower miR-505 expression in the osteosarcoma cell lines U2-OS, MG63, HOS and SAOS-2, compared with the normal osteoblastic cell line hFOB 1.19 (P<0.01). Then, miR-505 mimics and the miRNA negative control were successfully transfected into MG63 cells, respectively, for subsequent studies. Interestingly, miR-505 expression was significantly higher in the miR-505 mimics group compared with controls at 24 h after transient transfection ( Fig. 4B; P<0.01) . Subsequently, the effects of miR-505 on MG63 cell growth, migration and invasion were evaluated. Cell proliferation ability was suppressed in the miR-505 mimics group (P<0.01; Fig. 4C ) as assessed by MTT assay every 24 h for 4 days. In addition, MG63 cells showed decreased cell migration ability after miR-505 overexpression ( Fig. 4D and E) . Furthermore, cell invasion assay showed that the mean number of cells penetrating the Transwell membrane in the miR-505 mimics group was significantly reduced compared with those of the miR-NC and mock groups (Fig. 4F and G) . Moreover, western blot analysis showed altered expression of cell viability-and invasion-related proteins (Fig. 4H and I) . These finding suggested that miR-505 inhibited proliferation, migration and invasion in MG63 cells in vitro.
miR-505 directly downregulates HMGB1 in osteosarcoma cells. Since HMGB1 was found to be negatively correlated with miR-505 in osteosarcoma tissues, further experiments were performed to validate the interaction of miR-505 with HMGB1. As shown in Fig. 5A , the complementary sequence of miR-505 was present in the 3'-UTR of HMGB1 mRNA; a mutant was generated as underlined in the sequence. Then, HMGB11 expression was assessed in the miR-505 mimics, miR-NC and control groups by western blot analysis in U2-OS and MG63 cells. Notably, lower HMGB1 protein levels were found in the miR-505 mimic group ( Fig. 5B; P<0 .01). Next, HMGB1 mRNA amounts were detected by qRT-PCR in both cell lines, and HMGB1 was also downregulated with miR-505 overexpression (P<0.01) (Fig. 5C) . Moreover, U2-OS and MG63 cells were transfected with miR-505 mimics or miR-NC, and luciferase reporter assay was performed to assess whether HMGB1 was an authentic target gene of miR-505. As shown in Fig. 5D , luciferase activity was significantly decreased in cells transfected with the HMGB1-WT-3'-UTR vector and miR-505 mimics, compared with that in cells transfected with control RNAs (P<0.01). Meanwhile, no significant change in relative luciferase activity was found when the miR-505 binding site was mutated. Taken together, these findings suggested that HMGB1 is a target of miR-505 in MG63 cells.
miR-505 inhibits proliferation, migration and invasion in osteosarcoma cells by negatively regulating HMGB1.
Although HMGB1 as a direct target of miR-505 in MG63 cells was validated by the luciferase reporter assay, whether miR-505 inhibits MGB63 cell proliferation, migration and invasion through binding to HMGB1 remained unclear. Thus, a pcDNA3.1/HMGB1 was generated for HMGB1 overexpression. Relative HMGB1 protein amounts were detected in the different groups as shown in Fig. 6A . Notably, HMGB1 overexpression showed increased abilities of growth, migration and invasion (P<0.01), as shown in Fig. 6B-D . Cell viability-related protein levels also showed a certain degree of increase (Fig. 6E) . Taken together, the above data strongly suggested that miR-505 induced MG63 cell proliferation, migration and invasion by downregulating HMGB1.
Discussion
Metastasis and recurrence are the leading causes of mortality in most patients with cancers, including osteosarcoma. The Table Ⅲ . Expression of miR-505 in relation to clinicopathological characteristics of 37 patients with osteosarcoma. optimal treatment strategy for such patients has yet to be defined. Although several clinical trials have reported that adjuvant chemotherapy is associated with improved outcomes in osteosarcoma patients, the prognosis of recurrent disease remains poor, with a long-term post-relapse survival of <20% (17) (18) (19) . It is generally accepted that tumor cells acquiring migration and invasion abilities to depart from their original locations is the prerequisite for metastasis. Therefore, it is critical to identify effective agents which could significantly inhibit cell growth, migration and invasion of osteosarcoma cells. miRNAs were firstly associated with cancer in 2002, initially with chronic lymphocytic leukemia (CLL) and subsequently with many other malignancies (20) . Osaki et al (21) indicated that miR-143 was the most downregulated miRNA in human osteosarcoma cell lines in a mouse model, and demonstrated that systemic administration of miR-143 with atelocollagen into cancer model mice suppressed spontaneous lung metastasis of osteosarcoma. Similarly, another study evaluated 23 osteosarcoma tissue samples by microRNA microarrays, and found that miR-133a and miR-133b levels are significantly decreased. Overexpression of miR-133b in osteosarcoma cell lines obviously inhibits cell proliferation, invasion and migration (22) . In addition, a recent study reported that relative expression levels of miR-99a and mTOR mRNA were found to be associated with advanced clinicopathological characteristics (advanced surgical stage, metastasis, recurrence and poor response to chemotherapy) in patients with osteosarcoma, with low miR-99a expression correlating with shorter overall and disease-free survival rates; in addition, miR-99a was found to be an independent prognostic factor of patients with osteosarcoma (23) . We also performed a microarray to obtain the miRNA profile in osteosarcoma. A total of 26 miRNAs showed altered expression in osteosarcoma tissues in this study and we subsequently focused on miR-505, the most downregulated one among our findings. To the best of our knowledge, multiple studies have found that miR-505 inhibited cell proliferation by inducing apoptosis, and promoted chemoresistance in breast cancer (24, 25) . In addition, transfection with miR-505 mimics inhibited proliferation, and reduced tumorigenicity in endometrial carcinoma cells (26) . Lu et al (27) also reported that miR-505 was downregulated in human hepatoma tissues and cell lines. Importantly, miR-505 upregulation suppressed proliferation, invasion and epithelial-mesenchymal transition in hepatoma cells, via HMGB1 targeting. However, the exact role of miR-505 in osteosarcoma remains unclear. We demonstrated that miR-505 showed the largest decrease in osteosarcoma samples as validated by qRT-PCR. The clinical significance and biological functions of miR-505 in osteosarcoma were then investigated. As studies have demonstrated that TNM stage and tumor size are predictive prognostic factors for recurrence-free survival in osteosarcoma patients (28,29), we found that miR-505 expression levels were associated with TNM stage, and metastasis status, but not tumor size in the present study. Nevertheless, we determined the level of miR-505 and explored its clinical value in a small cohort and the conclusion was obtained only in a single center. Future studies would contribute to our understanding of the precise clinical significance, such as diagnostic or prognostic value of miR-505 in patients with osteosarcoma. In addition, in vitro assays suggest that miR-505 inhibited MG63 cell proliferation, migration and invasion. These inhibitory effects of miR-505 on cell malignancy behavior may explain why lower miR-505 levels were closed related with advanced pathological stage.
HMGB1 was originally described as a nuclear non-histone DNA binding protein that functions as a structural co-factor critical for proper transcriptional regulation in somatic cells (30) . It is passively released by necrotic cells or actively secreted by immune and cancer cells (31, 32) . Elevated HMGB1 expression is associated with unlimited replicative potential, evasion of programmed cell death, angiopoiesis, tissue invasion and metastasis (33, 34) . Jube et al (32) revealed that serum HMGB1 levels in malignant mesothelioma patients are higher than those obtained for healthy individuals. In addition, HMGB1 induces migration and proliferation of malignant mesothelioma cells; after treatment with monoclonal antibodies against HMGB1 or its receptor, motility, survival and anchorage-independent growth of HMGB1-secreting malignant mesothelioma cells are reduced. What is more, autophagy activation and HMGB1 release are considered key events underpinning colon carcinoma cell-elicited leukocyte attraction (35) . In this study, we determined the levels of HMGB1 in osteosarcoma tissues and HMGB1 mRNA levels were elevated in osteosarcoma tissues as shown above. A recent study demonstrated that HMGB1 expression is associated with clinical prognosis in osteosarcoma. Patients with high HMGB1 expression showed increased tumor size, high TNM stage and nuclear grade, with HMGB1 expression considered an independent predictor of poor prognosis (36) . Notably, HMGB1 is considered an active cytokine that regulates the bone microenvironment (15, 37) . In 2012, Huang et al (38) found that HMGB1 is upregulated during chemotherapy, regulating autophagy during chemotherapy in osteosarcoma cells. HMGB1 suppression increases sensitivity to chemotherapy. Conversely, HMGB1 overexpression increases resistance to chemotherapy in vitro. These findings confirmed that HMGB1 is an important regulator of autophagymediated cell survival (39) . We further explored the relationship between HMGB1 and miR-505 in rhe present study. Indeed, Guo et al (40) proposed HMGB1 as a direct target of miR-22 in osteosarcoma, with miR-22 downregulating HMGB1-induced autophagy in osteosarcoma cells. HMGB1 was also reported to be involved in cell growth promotion in neuroblastoma by modulating PTEN expression, via miR-221/222 oncogenic clusters (41) . Next, we confirmed that HMGB1 is a direct target of miR-505 in osteosarcoma cell lines, which was consistent with results revealed by Lu et al (27) . The above data indicated that HMGB1 downregulation is likely mediated by miR-505 through its binding to the 3'UTR of HMGB1 mRNA, and help better understand the role of HMGB1 in osteosarcoma. However, how HMGB1 exerts its suppressor effects on osteosarcoma cells still needs to be further elucidated.
Overall, the present study demonstrated that miR-505 downregulation is associated with poor clinical prognosis in patients with osteosarcoma; indeed, miR-505 inhibits osteosarcoma cell proliferation, migration and invasion by targeting HMGB1. These findings identified a novel tumor suppressive role for the miR-505/HMGB1 interaction in osteosarcoma.
